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57 ABSTRACT 
A facsimile system comprising a signal transmitting 
section comprising two scanners for scanning the sur 
face of an original picture in parallel directions, a mul 
tiplex modulator for forming a composite picture sig 
nal by subjecting two carrier waves shifted 90 in 
phase from each other to 2-phase. modulation by the 
picture signals obtained from said scanners; and a sig 
nal receiving section comprising a multiplex demodu 
lator for subjecting said composite picture signal to 
2-phase demodulation so as to separate it into two 
original picture signals and two recorders for repro 
ducing the original picture upon receipt of the afore 
said two picture signals. 

4 Claims, 7 Drawing Figures 

  



9ATENTED AY 28 1974 3,813,483 
SHEET OF 4 

  





3,813.483 PATENTEDHAY 28 1974 
SEE 3 of 4 

| ZZ 

22 OG} , 

82 

  

    

  

  

  

  



3,813,483 PATENTED WAY 28 1974 
SEE of 4 

  



3,813,483 
1. 

FACSIMILE SYSTEM 

BACKGROUND OF THE INVENTION 

This invention relates to a facsimile system and more 
particularly to a facsimile system permitting high speed 
transmission. 
Facsimile systems have been recently widely ac 

cepted in remote transmission of writings or drawings. 
However, the prior art facsimile system has the notice 
able disadvantage that transmission is effected at a con 
siderably low speed. Where it is attempted to elevate 
the transmission speed of the conventional facsimile 
system merely using an amplitude modulation means, 
said attempt has to be made at the sacrifice of the reso 
ution capacity of such system within the prescribed 
range of band width. To date, there have been pro 
posed many other methods to attain high speed trans 
mission. However, the apparatus therefor tends to be 
extremely complicated and bulky. Further, these meth 
ods use a full binary transmission system and are en 
countered with the drawbacks that they have a smaller 
resolution capacity or present a more indistinct trans 
mitted picture less truthful to an original picture than 
those merely using an amplitude modulation means, 
and that there are imposed limitations on the charac 
ters of original picture being transmitted. 

It is accordingly the object of this invention to pro 
vide a facsimile system capable of high speed transmis 
sion without losing its resolution capacity or the fidelity 
of a transmitted picture to an original picture as well as 
the clearness of said picture. 

SUMMARY OF THE INVENTION 
According to this invention, an original picture is 

scanned on the transmission side by two scanners in 
parallel directions and two picture signals are derived 
at the same time. Said two picture signals are supplied 
to a 2-phase modulator, so as to effect the amplitude 
modulation of separately generated two carrier waves 
having the same frequency but shifted 90 in phase 
from each other. The resultant two modulated signals 
are combined by a mixer to be transmitted in the form 
of a composite picture signal. On the receiving side, 
said composite picture signal is separated into two orig 
inal picture signals by a multiplex demodulator. The 
two separated picture signals are supplied to two re 
corders on the receiving side which carry out scanning 
in synchronization with the transmission side scanners, 
thereby reproducing a single picture on a picture 
pickup surface. 
A facsimile system arranged as described above ac 

cording to this invention enables high speed transmis 
sion with a simple construction without losing its reso 
lution capacity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block circuit diagram of the transmission 
section of a facsimile system according to a first em 
bodiment of this invention; 
FIG. 2 is a block circuit diagram of the receiving sec 

tion of the same; 
FIG. 3 represents the wave forms appearing at the 

various parts of the receiving section; 
FIG. 4 is a block circuit diagram of the receiving sec 

tion of a facsimile system according to a second em 
bodiment of the invention; 
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2 
FIG. 5 is a fractional block circuit diagram of the 

transmission section of a facsimile system according to 
a third and a forth embodiment of the invention; 

FIG. 6 is a fractional block circuit diagram of the re 
ceiving section of a facsimile system according to a 
third and a fourth embodiment of the invention; and 
FIG. 7 indicates wave forms illustrating the operation 

of the facsimile system of FIGS. 5 and 6. 
DETALED DESCRIPTION OF THE INVENTION 

There will now be described by reference to the ap 
pended drawings facsimile systems according to the 
first to the fourth embodiments. 

First Embodiment 
Referring to FIG. 1, there are arranged two scanners 

2a and 2b in parallel at a sufficient separation to attain 
a maximum resolution capacity so as to scan the sur 
face of an original picture being transmitted in parallel 
directions at the same time, thereby delivering two sep 
arate picture signals. Output signals from said scanners 
2a and 2b are amplified by amplifiers 3a and 3b. After 
being stripped of a D.C. component in capacitors 4a 
and 4b, the picture signals thus amplified are supplied 
to modulators 5a and 5b. The picture signal introduced 
into the modulator 5a amplitude modulates a carrier 
wave generated by an oscillator 7 and the picture signal 
brought into the modulator 5b amplitude modulates a 
carrier wave generated by the oscillator 7 and shifted 
90 in phase from the first mentioned carrier wave by 
a phase shifter 6, obtaining two modulated signals. The 
modulators 5a and 5b generally consist of ring modula 
tors. In this case, the carrier waves are not fully sup 
pressed, but are made to leak at the same level. Where 
there is not generated any picture signal, there is deliv 
ered a carrier wave having a certain level. Said leak 
carrier wave is used in the receiving section to repro 
duce a carrier wave corresponding to a transmission 
carrier wave. Thus from the modulators Sa and 5b are 
obtained two modulated signals bearing carrier wave 
shifted 90 in phase from each other. These modulated 
signals are composed into one by a mixer. The resultant 
composite signal is made to pass through a band pass 
filter to eliminate unnecessary signals produced during 
said modulation and properly amplified by an amplifier 
10 and thereafter delivered into a line 12 for transmis 
sion through an output terminal 11. 
Now let it be assumed that the modulators 5a and Sb 

are supplied with picture signals cos coat and cos obt 
and carrier signals cos cuct and sin act. Then a compos 
ite signal et delivered to a transmission line will be 
formed as follows: 

e F Kcos cuct cos(a)c -- aba) t cos(a)c - ca) t -- Ksin 
act - sin(oc -- abb) t -- sin (apc-ob) t (1) 

A composite signal of the above equation (l) is 
known as a 2-phase modulated wave, and is used to re 
produce an original picture after being separated into 
two picture signals. Said 2-phase modulated wave 
which is composed from two amplitude modulated 
waves has the same side band width as that of a single 
amplitude modulated wave. Therefore, the above 
mentioned 2-phase modulation process enables twice 
as much information as that possible with the custom 
ary single phase modulation system to be transmitted 
even with the same band width as that of the singals 
used in the latter system. 
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The 2-phase modulated signal delivered from the 
transmission section of FIG. 1 is conducted to the re 
ceiving input terminal 13 of FIG. 2 and properly ampli 
fied by an amplifier 14 and then transferred to demodu 
lators 15a and 15b and band pass filter 22. This band 
pass filter 22 has narrow band characteristics and is 
used to draw off a carrier component from the signal 
received. The carrier component drawn off by said 
band pass filter 22 has its phase shifted as later de 
scribed by a voltage controlled type phase shifter 23 
and is amplified by an amplifier 24. An output signal 
from said amplifier 24 is supplied to the demodulator 
15a as a demodulation carrier wave, and, after having 
its phase shifted 90', is conducted to the demodulator 
15b as a demodulation carrier. 
Where a transmission circuit is supposed to have 

ideal phase and amplitude characteristics, then there 
will be produced an amplified signal expressed in the 
equation (1) above at the output terminal of the ampli 
fier 14. The sine and cosine components of said ampli 
fied output signal are indicated by the wave forms (c) 
and (a) of FIG. 3. If, under such condition, the demod 
ulator 15a is supplied with a demodulation carrier hav 
ing a wave form shown in FIG. 3b and the demodulator 
15h with a demodulation carrier having a wave form 
shown in FIG. 3d, then the cosine component of the re 
ceived signal will be demodulated by a carrier wave e. 
and filtered by a low pass filter 16a to be produced at 
its output terminal in the form of a signale having a 

5 

O 

5 

25 

wave form shown in FIG. 3e. The sine component of 30 
the received signal will be demodulated by a carrier 
wave ea and filtered by a low pass filter 16b to be pro 
duced at its output terminal in the form of a signal es 
having a wave form shown in FIG. 3f. The D.C. compo 
nents of the aforesaid output signals e, and es resulted 
from the demodulation of the leak carrier component 
supplied from the transmission section. To maintain the 
demodulation carrier wavese, and e a for the demodu 
lators 15a and 15b in the condition of FIG. 3, that is, 
es cos act and e3 = - sin act, signals e, and es are am 
plified by amplifiers 17a and 17b as much as the afore 
said carrier waves e and ea to have the D.C. compo 
nents of the signals eandes drawn off through low-pass 
filters 18a and 18b. The D.C. components derived from 
the filters 18a and 18b are supplied to an adder 19 to 
be added together. The aforementioned voltage con 
trolled phase shifter 23 is so controlled as to reduce an 
output voltage es from said adder 19 substantially to 
zero. The condition in which said voltage es is reduced 
to zero is attained when the signals e, and es have an 
equal absolute value, that is, when a composite picture 
signal is properly separated and demodulated by the 
demodulators. 15a and 15b. D.C. components cut out 
by the capacitors 4a and 4b of the transmission section 
of FIG. 1 and thereafter restored by D.C. restorers 25a 
and 25b are added to output signals from the amplifiers 
17a and 17b in said restorers 25a and 25h. Output sig 
nals from said restorers 25a and 25h are so conducted 
as to match the scanners 2a and 2h of the transmission 
section and supplied to recorders 26a and 26b to scan 
the surface of a recording sheet of paper so as to repro 
duce an original picture thereon. 
Second Embodiment 
A facsimile system according to the second embodi 

ment has the same transmission section as that of the 
first embodiment shown in FIG. 1. However, the re 
ceiving section of this second embodiment is slightly 
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4. 
different from that of FIG. 2 in respect of the extraction 
of carrier waves and the control of phases. According 
to the second embodiment, received signals are sub 
jected to frequency conversion to have the carrier com 
ponent extracted through a band pass filter. Said ex 
tracted carrier component is converted to its original 
frequency. 
There will now be further detailed the second en 

bodiment by reference to FIG. 4. A received signal is 
supplied to the demodulators 15a, 15b and a frequency 
converter 28 through the amplifier 14. The frequency 
converter 28 is supplied with an output from a voltage 
controlled oscillator 32. Now let the frequency of a car 
rier wave be designated as fe and the central frequency 
of a band pass filter 29 as fis. Then for extraction of the 
carrier component through the band pass filter 29, it is 
necessary that the voltage controlled oscillator 32 
should have its voltage so controlled as to generate an 
oscillation frequency fv whose frequency is constituted 
by fis+fc. The carrier component is conducted to a fre 
quency converter 30 already supplied with an output 
from the oscillator 32 and frequency converted to a sig 
nale, formed as shown in the equation (2) below: 

e = fs it f = fst (fs +fc) 
(2) 

As seen from this equation, the signale, is produced 
at the output terminal of the converter 30 with a fre 
quency of 2fs +fc as well as with a frequency of fic. 
However, said fo frequency component is extracted by 
a band pass filter 31, subjected to a prescribed phase 
shifting and supplied to the demodulator 15a and, after 
having its phase shifted 90 by the phase shifter 21, 
conducted to the demodulator 15b. 

In a facsimile system according to the embodiment of 
FIG. 4, the voltage controlled oscillator 32 in the re 
ceiving section has its voltage so controlled as to re 
duce, as previously described, an output voltage e 
from the adder 19 substantially to zero, bringing the en 
tire facsimile system to a balanced state. A phase 
shifter 33 has such a desired phase shift value that 
where the facsimile system is brought to a balanced 
state, the carrier wave can be extracted by the central 
frequency of the band pass filter 29. This will be further 
detailed. Where there is obtained the same ideal trans 
mission line as described in connection with the first 
embodiment, then there is produced at the output ter 
minal of the amplifier 14 a signal having such a form as 
shown in the aforementioned equation (l). If, in the 
second embodiment of FIG. 4, demodulation carrier 
waves supplied to the demodulators 15a and 15b have 
wave forms of cos act and -sin oct respectively, then 
there will be drawn off two picture signals from said de 
modulators 15a and 15b. Accordingly, where the car 
rier component is extracted through the band pass filter 
29 by its central frequency, the phase shifter 33 will 
have a sufficient value to cause a carrier wave for the 
demodulator 15a to have a wave form of cos act. 
There will now be discussed the case where the trans 

mission circuit is not in an ideal state, leading to occur 
rence of synchronization errors. Now let it be assumed 
that a synchronization error of +Afhas taken place in 
the transmission circuit and that, up to this point, the 
band pass filter 29 extracted a carrier component by its 
central frequency offs. Due to the occurrence of the 
above-mentioned synchronization error, however, the 
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input terminal of the band pass filter 29 is now supplied 
with a carrier component having a frequency changed 
to fs + Af. Therefore, demodulation carrier waves being 
supplied to the demodulators 15a and 15b cease to 
have wave forms of cos coct and -sin oct. This leads to 
changes in the D.C. component of outputs from the de 
modulators 15a and 15b, generation of a voltage e 
from the adder 19 and consequently changes in an out 
put voltage from the amplifier 20. The voltage con 
trolled oscillator 32 has its voltage so controlled by said 
changed output voltage from the amplifier 20 as to 
cause a carrier component to be supplied to the band 
pass filter 29 with a frequency approaching its central 
frequency fs. Finally, said voltage controlled oscillator 
32 will have its oscillation frequency settled to a fre 
quency offs +fc + Af. Thus the facsimile system of the 
second embodiment enables an output voltage es from 
the adder 19 to be reduced to zero. 
As mentioned above, the band pass filter 29 is sup 

plied with a carrier component whose frequency is au 
tomatically controlled to approach its central fre 
quency, so that even where there occur synchroniza 
tion errors in the transmission circuit, the side band 
components neared the carrier are always attenuated 
to a fixed extent, rendering the second embodiment 
more adapted to cope with synchronization errors than 
the first embodiment. 
Third Embodiment 
A facsimile embodiment according to the third em 

bodiment is more improved in the transmission section 
than the preceding two embodiments. As shown in FIG. 
5, there are provided modulators 34a and 34b between 
the amplifier 3a and capacitor 4a and between the am 
plifier 3b and capacitor 4b respectively. The D.C. re 
storers 25a and 25h of the receiving section shown in 
FIG. 2 are replaced by full wave rectifiers 36a and 36b 
shown in FIG. 6. There will now be described the oper 
ation of the third embodiment. Where there is pro 
duced an picture signal having a wave form shown in 
FIG. 7a at the output terminal of the amplifier 3a, said 
picture signal modulates the amplitude of a modulation 
carrier wave supplied from an oscillator 35 in a modu 
lator 34a. Said modulation carrier wave is chosen to 
have a frequency far lower than the maximum picture 
frequency. For example, where the picture signal has a 
maximum frequency of 5 KHz, then said modulation 
carrier wave has its frequency set at about 100 Hz, 
FIG. 7b shows the wave form of the modulation carrier 
wave. The modulators 34a and 34b are designed to 
carry out 100 percent modulation. From the outputter 
minals of the modulators 34a and 34b is obtained a sig 
nal having a wave form shown in FIG. 7c. This output 
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signal is transmitted through the capacitors 4a and 4b 
and the succeeding circuit arrangement shown in FIG. 
1. The picture signal thus transmitted is amplified by 
the amplifier 17 of the receiving section of FIG. 6 and 
subjected to full wave rectification by full wave rectifi 
ers 36a and 36b to be converted to the wave form of 
FIG. 7a, and conducted to the recorders 26a and 26b 
for reproduction of an original picture. 
The transmission section of the aforementioned fac 

simile system of the third embodiment is formed by 
adding modulators to that of the first embodiment so as 
to modulate a carrier wave having a far lower fre 
quency than the picture signal, and the receiving sec 
tion of the third embodiment is provided with full wave 
rectifiers to reproduce an original picture by subjecting 
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6 
the modulated signal to full wave rectification. The 
above-mentioned modulation of a low frequency car 
rier wave by the picture signal reduces the D.C. compo 
nent and low frequency component of the picture sig 
nal. If there is transmitted an picture signal containing 
large amounts of the D.C. and low frequency compo 
nents by a facsimile system according to the first or sec 
ond embodiment, then the receiving section will pres 
ent difficulties in extracting carrier wave alone. How 
ever, the third embodiment minimizes such disadvan 
tage. 
Fourth Embodiment 
A facsimile system according to the fourth embodi 

ment has the same transmission section as that of the 
third embodiment. However, the receiving section of 
the fourth embodiment is formed by replacing the D.C. 
restorers 25a and 25b of the receiving section of the 
second embodiment with full wave rectifiers. In this 
transmission section of the fourth embodiment, low fre 
quency carrier waves are subjected to amplitude modu 
lation, obtaining modulated signals. Said modulated 
signals are transmitted after 2-phase modulation. In the 
receiving section of the fourth embodiment, picture 
signals received are subjected to 2-phase demodulation 
and full wave rectification and conducted to the re 
corders. The facsimile system of the fourth embodi 
ment combines the characteristics of the second em 
bodiment with those of the third, thereby minimizing 
the effect of synchronization errors in the transmission 
circuit on the extracted carrier wave and reducing limi 
tations on the type of original picture being transmit 
ted. 
What we claim is: 
1. A facsimile system comprising: 
a transmission section including two scanners for 
scanning the surface of an original picture being 
transmitted in parallel and in interleaved relation 
with each other and for detecting two respective 
picture signals; a modulation carrier generator for 
generating two modulation carriers having the 
same frequency but having a phase difference of 90 
degrees from each other; two modulators respec 
tively coupled to said two scanners and said carrier 
generator to modulate the two carriers respectively 
by the two picture signals; and a mixer coupled to 
said modulators to mix the modulated signals from 
said two modulators thereby obtaining a composite 
picture signal to be transmitted; and 

a receiving section including a receiving end for re 
ceiving the composite picture signal from said 
transmission section; a demodulation carrier gener 
ator coupled to said receiving end to generate two 
demodulation carriers corresponding to the modu 
lation carriers of said transmission section gener 
ated on the basis of the carrier component includ 
ing in the composite picture signal; two demodula 
tors coupled to said demodulation carrier genera 
tor to demodulate the composite picture signal by 
the two demodulation carriers thereby to separate 
the composite picture signal into two picture sig 
nals, D.C. reproducing means coupled to said two 
demodulators to reproduce the D.C. components 
included in the original picture signals; and two re 
corders coupled to said D.C. reproducing means to 
scan the surface of a sheet of a recording medium 
in parallel corresponding to the scanning of the two 
scanners of the transmission section and reproduce 
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the original picture on said recording medium on 
the basis of the two separated picture signals; 

said demodulation carrier generator including a D.C. 
unbalance detector coupled to said two demodula 
tors to detect an unbalance between two D.C. com- 5 
ponents respectively included in two demodulated 
picture signals; an oscillator coupled to said D.C. 
unbalance detector, the oscillation frequency of 
said oscillator being varied by the output voltage of 
said detector; a first frequency converter coupled 10 
to said oscillator and to said receiving end to fre 
quency convert the carrier of the received compos 
ite picture signal by means of the output frequency 
of said oscillator; a first band pass filter coupled to 
said first frequency, converter to pass a predeter- 15 
mined frequency of the frequency converted car 
rier; a second frequency converter coupled to said 
oscillator and to the output of said first band-pass 
filter to frequency convert the predetermined fre 
quency passed through said first band-pass filter by 20 
means of the frequency of said oscillator back to 
the original carrier frequency; a second band-pass 
filter coupled to said second frequency converter 
to filter the carrier from the output of said second 
converter; a first phase shifter coupled to said sec- 25 
ond band-pass filter to shift the filtered carrier 
from said second band-pass filter so as to coincide 
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8 
the phase of the filtered carrier with that of the car 
rier at the receiving end and coupled to one of said 
demodulators to supply the carrier therethrough as 
a demodulation carrier; and a second phase shifter 
coupled between said first phase shifter and the 
other of said demodulators to further shift the car 
rier by 90 and then supply the 90 further shifted 
carrier to said other demodulator. 

2. The facsimile system according to claim 1 wherein 
said modulation carrier generator comprises an oscilla 
tor of which the output is coupled to one of said modu 
lators, and a phase shifter coupled to the output of said 
oscillator to shift 90 in phase the output signal from 
said oscillator. 

3. The facsimile system according to claim 1 wherein 
said transmission section further includes two addi 
tional modulators each coupled between one of said 
scanners and one of said modulators to modulate the 
carrier having a frequency lower than the maximum 
picture frequency. 

4. The facsimile system according to claim 1 wherein 
said D.C. reproducing means includes respective full 
wave rectifying means, each of said rectifying means 
being coupled between one of said demodulators and 
its respective recorder. 
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